Pain after surgery remains a problem worldwide, though there is no published data on postoperative outcomes in Spain. We evaluated 2922 patients in the first day after surgery in thirteen tertiary care Spanish Hospitals, using the PAIN-OUT questionnaire.
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6 the patients can develop persistent pain that may be severe in 2-10% of them. 30, 34 Among other factors, moderate to severe acute POP has been shown to be associated with persistent pain after surgery. 30, 34 It has been proposed that decreasing POP intensity, by means of distinct treatment modalities, may prevent the development of persistent pain after surgery. 27, 48 However, at present, there is insufficient information about the most effective analgesic therapies to control POP, and the beneficial and untoward effects of acute and chronic opioid administration. 8 The present report addresses these issues in an observational study performed in a large sample of Spanish patients, using the PAIN-OUT registry. The observational data from the PAIN-OUT registry allows mirroring daily practice and inter-country comparison, but only associations, not causal relationships can be derived. 16 ,19 PAIN-OUT is a web-based database that registers pain management and outcomes from hospitals in Europe (and around the world) with the aim of improving clinical decision making and postoperative outcomes. 51 In order to obtain an overview of the actual postoperative care in Spain, we evaluated outcomes in thirteen tertiary care Spanish hospitals using PAIN-OUT implements. Our aims were to 1) assess and compare postoperative outcomes, and anesthetic / analgesic management in orthopedics (ORT) general (GEN) surgery patients; 2) explore the influence of the analgesic therapy on outcomes and opioid requirements; and 3) evaluate and compare outcomes and analgesic management by surgical procedure
Methods

Sample and Study Design
This is a cohort study that analyzes data obtained in 13 Spanish hospitals. From an initial sample of 4011 patients enrolled, 509 of them (12.7%) did not fulfill the M A N U S C R I P T
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7 inclusion criteria, and only 2922 could be incorporated in the analysis ( Figure 1 ).
Patients underwent GEN or ORT procedures and completed the PAIN-OUT questionnaire within the first day after surgery. 50 The methodology of PAIN-OUT, an
European Commission funded project supported by the International Association for the Study of Pain (IASP), has been described elsewhere. 51 The protocol was approved by the Research Ethic Committee of each participant hospital. Centers involved were public university Hospitals (300-1000 beds), distributed all over Spain (7 different regions) (Supplemental Table 1 ), having an acute pain service.
Data were collected from February 2010 to December 2013 by trained research assistants (RA). The RAs were not in charge of clinical decisions or pain treatments.
The RA enrolled all patients who accepted to participate and fulfilled the inclusion criteria. If the volume of surgeries outnumbered the capacity of the RA, patients were randomized by a computer sequence. Within the first postoperative day patients, who voluntarily gave their verbal consent, after explanation by the RA, completed the questionnaire (rigorously anonymous) which included in the first page a letter of information and request of participation. Exceptionally, patients were verbally interviewed when too weak or tired (due to the surgery), or unable to read or write (illiterate).
Inclusion and Exclusion Criteria
PAIN-OUT inclusion criteria: surgical patient >18 years who gave informed consent, was in the first postoperative day, and back in the ward for a minimum of 6 hours.
Exclusion criteria: refused to participate, sedated, asleep, not in the ward at the time of data collection, or impossible to communicate due to cognitive impairment or poor management of the Spanish language. Additional exclusion criteria were: 1) did not complete > 50% of the International Pain Outcome (IPO) Questionnaire; 2) did not M A N U S C R I P T
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8 answer the "worst pain" question; 3) the ICD-9 (International Classification of Disease.
9 Revision) code (type of surgery) was not recorded in the Process Questionnaire (PQ); and 4) underwent surgeries other than GEN or ORT such as gynecologic, urologic, ENT, etc. (4.1% of the sample, Figure 1 ).
Questionnaires
Questionnaires for data collection were: 1) the self-administered validated IPO, a modified version of the Revised American Pain Society-Patient Outcome Questionnaire (APS-POQ-R), with good psychometric qualities. 43 The IPO Spanish version was constructed with a forward-backward translation according to international standards, 43 and 2) the PQ, completed by the RA with data from the patient medical history (Supplemental Material 1 and 2). The IPO is designed to evaluate five aspects of pain:
1) pain severity and relief, including worst pain, least pain, percentage of time with severe pain, and percentage of pain relief with treatment; 2) pain interference with sleep, in bed and out of bed activities, breathing, and emotional status; 3) side effects of the analgesic treatment including nausea, drowsiness, dizziness and itching; 4) ability to participate in pain treatment decisions, perception of quality of care and satisfaction, and 5) use of non-pharmacological strategies for pain relief. Questions about pain and pain intensity during the 3 months previous to surgery are also included (see Supplemental Material 1). NRS (0-10) or dichotomous selection and multiple choice questions (i.e. for non-pharmacological methods for pain management) were used. The percentage of patients with side effects was recorded and their intensity, as well as that of chronic pain before surgery, was measured in a 0-10 NRS scale. Severe pain was defined as a pain greater than 6 (NRS ≥ 7), and moderate from 4 to 6 in the NRS. The PQ includes demographic information: gender, year and country of birth, weight, height, nationality, and comorbidities; type of surgical procedure (ICD-9 codes) and
anesthesia; analgesics and sedatives administered in the preoperative, intraoperative, and postoperative periods, with the name of the drug, dose and route of administration.
Data input
Data from the questionnaires were entered in a protected multi-institutional web-based database: The PAIN-OUT database is hosted and maintained by the Institute of Medical Informatics, Statistics, and Epidemiology, University of Leipzig, Germany, that periodically monitor data quality. 51 To maintain anonymity, a unique code (unrelated to personal data, institution, or file number) was assigned to each patient. The feasibility of a large patient's data registry such as PAIN-OUT was shown by Rothaug and Zaslansky et al., when reporting that only 0.06% of the outcome data, and 2% of the process data were missing in most of the questionnaires.
43,51
Definition of Surgical Groups
All types of surgical procedures (major, moderate, minor) of each specialty (ORT, GEN) were included in the study. Procedures included in ORT and GEN surgeries are listed in Tables 7 and 8 , respectively. Due to the confirmed discriminatory validity of the IPO questionnaire showing significant differences between GEN and ORT surgeries, the results were analysed both globally and separately by type of surgery 43 .
Surgical procedures were coded using the ICD-9 and assigned to ORT (11 subgroups) or GEN (13 subgroups) groups, based on the first two digits of the ICD-9 code.
Procedures with ICD-9 codes that were not specific to any anatomic location were excluded (11.2% of the sample). Infrequent surgeries were included only if the number of patients > 10, and data was registered from > 2 hospitals.
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Analgesic drugs
Postoperative analgesic drugs and doses were obtained from the PQs. Remifentanil and intraoperative fentanyl were not considered postoperative analgesics, as they were used as part of the anesthetic protocol. Intraoperative intravenous (iv) morphine (MS) was included in the analysis considering that it was administered to provide postoperative analgesia. All iv opioids were converted first into iv MS and then multiplied by a factor of 3, while oral opioids were directly converted to oral MS. Postoperative opioid requirements were converted into oral morphine according to published equianalgesic tables. 1, 38 Multimodal analgesia was defined as the administration of more than one analgesic or adjuvant drug with a different mechanism of action. 28 Regional analgesia including epidural drugs, peripheral nerve blocks (PNB), and wound infiltration were assessed independently.
Sample size
Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, at least 561 subjects are necessary in each surgery group to recognize a between-group statistically significant difference in pain intensity greater than or equal to 0.5 units. The common standard deviation (SD) is assumed to be 2.5. 19 A drop-out rate of 30% was anticipated.
Data analysis
Qualitative variables were expressed as absolute frequencies and percentages. For quantitative variables, the mean and SD or median and interquartile range (IQR) was used, according to their distribution. For ordinal variables, depending on the number of categories, percentage and absolute frequencies or median and IQR values were used.
To compare categorical independent continuous variables, the Fisher's exact test and the Student's t test, with Bonferroni's correction for multiple comparisons, if required, were M A N U S C R I P T A C C E P T E D 
Results
Patient characteristics and comorbidities.
A total of 4011 patients from Spanish Hospitals distributed in seven regions of the country, were registered from February 2010 to November 2013 (Supplementary Table   I ). Inclusion criteria were met in 3502 (87.3%). After applying all exclusion criteria ( Fig. 1 
Postoperative outcomes
Postoperative outcomes are listed in Table 2 . Mean worst pain intensity in the whole sample was 5.6. Orthopedic patients had worse pain intensity and were more time in severe pain than GEN patients, whereas interference with breathing was notably greater in GEN (effect size 0.95). Adverse effects (AE) were observed in 72.4% of the patients.
Most frequent AE were: anxiety, drowsiness, and helplessness. Adverse effects and perception of care was similar in both surgery groups. The mean satisfaction value with pain treatment was 7.9, although 19.2% of the patients requested more treatment. Pain assessment in the ward was obtained from 83.1% of the patients. Percentage of patients who received information about pain treatment options or were allowed to participate in decision making were 63.3%, and 71,6%, respectively ( Table 2 ).
Anesthetic management
Premedication was administered to 2886 patients (78.2%) (Supplementary Table II) .
Sedatives (benzodiacepines) and opioids were more often used in ORT than GEN.
General and combined anesthesia (general + epidural) were more frequently used in GEN than ORT, and regional anesthesia (central and peripheral) in ORT. Mean time of surgical procedures was similar in ORT (1.71 h) and GEN (2.04 h).
Postoperative outcomes according to anesthetic management
Premedication did not alter pain outcomes but was associated with a significant decrease in the frequency of itching (16.1% vs 25.3%, p<0.001, d=-0.31)
Regional, general and combined anesthesia
Regional anesthesia was more frequently used in ORT surgery, but no clinically significant differences in pain outcomes were observed according to type of anesthesia. epidural (data not shown).
As epidural blocks are often used for abdominal procedures, the outcomes of this subgroup of patients (65.0% of GEN) were analyzed separately (Supplementary Table   M A N U S C R I P T
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14 III). The epidural block was associated with a decreased percentage of time in severe pain, increased pain relief with treatment, and a reduced frequency of AE.
Intraoperative Opioids
Intraoperative opioids were used for both surgical and postoperative analgesia.
During surgery, iv opioids were administered to 60.4% of the patients and were given more frequently to GEN than ORT patients (80.9% vs 43.0%, p<0.001, d=0.95). 
Postoperative Analgesia
Analgesic-drugs were administered to 97.1% of the patients (Table 3 ). Those patients who had no systemic analgesia (n=94, 3.2%) received epidural analgesia (n=7), PNB (n=37), or no analgesic treatment (n=50). Opioids and non-opioids were administered intravenously before the closure of surgical wound (60.4% and 48.0% of patients, respectively) to obtain transitional and postoperative analgesia.
Opioids
Opioids at any time during the process, were given to 59% of the patients (Table 3) ; iv tramadol (TRM) and iv MS being the most frequently used. Intravenous TRM was M A N U S C R I P T
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15 similarly administered to ORT and GEN patients, but doses were higher in ORT.
Intravenous MS was more often administered in GEN versus ORT patients, the opposite occurring for subcutaneous (sc) MS. Mean dose of opioids (in oral MS equivalents) was 20.2 mg·patient -1 ·24h -1 .
Non-opioid analgesia
Antipyretic Analgesics (AA) were administered to 94.3% of patients (Table 3) , iv paracetamol (PCT) and iv metamizol (MET) being the most used. Oral (po) PCT was similarly used in ORT and GEN, but doses were higher in ORT. Dexketoprofen (DEX)
iv was the most frequent nonsteroidal anti-inflammatory drug (NSAID, 55.7% of patients) administered in both surgeries. Oral DEX was more often used, and at higher doses, in ORT than in GEN, the opposite occurring with ketorolac iv.
Multimodal analgesia (MA)
Drug combinations or MA was used in 82.3% of the patients (Supplementary Table IV) .
Opioids + AA+NSAIDs were the combinations most frequently prescribed as MS, PCT and DEX (31.3%) followed by AA + NSAIDs (21,6 %), and opioids + AA (19,6 %).
Intravenous PCA and PNB were more often used in ORT than in GEN, whereas the opposite occurred for LA-PCA and wound infiltration. The most frequent PNB performed were: femoral (13.5% of the total sample), sciatic (10.5%) and braquial plexus (7.6%); continuous PNB catheter infusion was used in 3.3% of patients. When PNB were administered, NSAIDs were given less frequently (31.0% vs 51.2%, d=-0.46, p<0.001). Outcomes and frequency of analgesic modalities according to location and procedure are shown in Tables 7 and 8 .
Non-pharmacological methods for pain control were reported to be used in 27.8% of patients, the more frequent being talking with friends and relatives (50.5%)
and non-medical hospital staff (44.4%), distraction (i.e. watching TV or reading)
(43.3%), and cold packs (25.7%). In our sample, only imagery and visualization (1.6%) or transcutaneous electrical nerve stimulation (1.0%) were associated with a lower intensity of worst pain (d=0.31).
Postoperative outcomes according to the type of analgesia
When opioids were used as postoperative analgesics (Table 4) , more patients had severe pain, a higher intensity of worst pain, and more interference with in-bed activities.
Frequency of AE and satisfaction outcomes were similar. Patients receiving MA reported more pain relief and more satisfaction, although the percentage of patients in severe pain was higher (Table 4 ). Other pain outcomes and frequency of AE were similar. Patients who received less than two analgesics in the ward (15.9% of the sample), although they had less patients in severe pain (p<0.001, d=-0.33), showed less pain relief (p<0.001, d=-0.68) and less satisfaction (p<0.001, d=-0.53).
Patients who received PNB or LA-PCA had similar pain intensity, interferences, and satisfaction outcomes compared to patients who did not, and the frequency of AE was also similar. The same occurs for iv PCA, but in this case global AE were increased (p<0.001, d=0.30) (data not shown). Wound infiltration was mainly used in gastric, hand, and knee surgeries that comprised the 7.9% of a non-representative sample from only 3 hospitals (comparisons not performed).
Postoperative outcomes in patients with chronic preoperative pain
A 52.7 % of patients had chronic pain before surgery (mean intensity of 6.9). Frequency of chronic pain (p<0.001, d=0.86), its intensity (p<0.001, d=0.56), and chronic use of opioids before surgery (p<0.001, d=0.83), were higher in patients undergoing ORT than GEN. Chronic pain was more frequent in patients who had more comorbidities M A N U S C R I P T
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(p<0.001, d=0.47), and was mainly located at the site of surgery. Frequency of chronic pain was high in spine (89.7%), knee (87.2%), shoulder (78.4%) and hip procedures (76.8%) (data not shown). Table 5 shows postoperative outcomes per chronic pain and per chronic opioid administration before surgery. Among patients with chronic pain (n=1487), 60.3% scored its intensity as severe (NRS≥7). In these patients outcomes were significantly worse than in the group of non-chronic pain (p<0.001, d=0.39)). No differences were observed among other groups, thus, patients with non-severe preoperative chronic pain (39.7%, NRS 1-6 ) (mild + moderate) had similar outcomes than those without preoperative pain. The coefficient correlation between the intensity of chronic pain and worst-pain after surgery was r=0.2 (p<0.001).
The frequency of AE was similar in all groups of patients. Only 5.8% of patients with chronic pain received chronic opioids, and this group also presented worse pain outcomes (Table 5) : they requested more analgesia after surgery, and required 50% more opioid-analgesics postoperatively ( Table 6 ). The frequency of AE was alike in all groups.
Perioperative procedures that affect opioid requirements during the first day after surgery Table 6 shows perioperative procedures which could modify opioid requirements in the first 24h postoperatively. Chronic opioid administration before surgery was associated with a 50% increase in postoperative acute opioid requirements. On the contrary, epidural blocks, particularly during abdominal surgery, were associated with an opioid sparing effect, decreasing opioid requirements approximately 2-3 fold. Globally, regional procedures were associated with decreased doses of opioids by more than 70%.
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Peripheral nerve blocks, or the use of non-pharmacological treatments did not affect opioid requirements in our sample. Tables 7 and 8 show postoperative outcomes and analgesic management by surgical procedure. Worst pain and the requirement for more analgesic treatment were selected as best indicators for the presence of pain and its inadequate management. 21,46 Opioid consumption was considered high when oral morphine equivalents exceed percentile 75
Postoperative outcomes and analgesic management by surgical procedure
In ORT patients (Table 7) , tibia/fibula and foot/ankle interventions were the most painful surgeries, requesting more analgesic treatment. Shoulder and hand procedures, with a high percentage patients receiving PNB, were the least painful. Spine surgery, knee, and hip replacement presented the highest incidence of AE. Epidural block, both for analgesia and anesthesia, was frequently used in femur, knee, and hip surgery. In ORT patients, wound infiltration was only used in knee and hand surgery.
Mean total opioid consumption was above 30mg· patient -1 ·24h -1 in spine surgery.
Among GEN procedures (Table 8) , gastric, small intestine and anterior abdominal wall procedures were the most painful, where patients had more adverse events and also would like to receive more treatment. Despite anal surgery procedure were painful, both frequency of multimodal analgesia and opioid dose were low. The least painful procedures were thyroid and breast surgery, the latter where MA was less frequently used. Mean total opioid consumption was above 30 mg·patient -1 ·24h -1 in liver and gastric surgeries, cholecystectomy, and anterior abdominal wall repair.
Appendectomy patients received lower doses of postoperative opioids (10.9 mg·patient -1 ·24h -1 of oral MS equivalents) despite of a high request for more treatment (16.1%).
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Epidural blocks were frequently used in colo-rectal, liver, gastric, and small bowel surgeries, and PNB in breast surgery and umbilical hernia repair. PCA (iv) and LA-PCA were mostly used in liver surgery.
According to the variable number of patients in severe pain (>7, NRS 0-10), the most painful ICD-9 procedures were observed in ORT patients after foot and spine surgeries. In agreement with data from Schwenkglenks et al, 41 in our cohort we found a positive relation between requesting more pain treatment and both, worst pain intensity 
Discussion
This is the first study on quality of care and outcomes in postoperative Spanish patients using a multidimensional self-administered validated scale. As in similar studies, (d=0.86) and it was of greater intensity than in GEN surgery patients (d=0.56).
Likewise, general anesthesia was more frequent during GEN surgery (d= -1.36), while intrathecal (d=1.52) and PNB (d=1.85) were more often used in ORT; interestingly, PNB were not associated with better pain outcomes ((d=-0.15 for worst pain) but with an important decrease in NSAIDS consumption (d=-0.46).
Chronic pain before surgery has been associated with greater postoperative pain intensity, both at rest and during movement. 20, 25 We observed that only severe chronic pain (≥7) was associated with poor pain outcomes, with effect sizes >0.4 in pain variables, when comparing with mild or no pain before surgery. Despite the high prevalence (52.7%) of chronic pain, it appears to be insufficiently treated, given its high intensity (mean 6.9) and the limited use of chronic opioids (5.8%). It is noteworthy that patients with severe chronic pain are more likely to receive chronic opioids, a practice that is not influenced by intra or postoperative events or procedures.
Acute (mainly short acting opioids) or chronic opioid exposure induces pain sensitization and hyperalgesia in animal models and humans (Opioid Induced Hyperalgesia, OIH). In a preclinical model of surgical (incisional) pain, we reported dose-dependent remifentanil-induced pain sensitization in the postoperative period. [5] [6] [7] Increased pain hypersensitivity after chronic exposure to opioids has also been reported 37 . In our study, acute and chronic opioids were associated with comparable poor pain outcomes, supporting other reports. 10,37 This could be related to reduced pain thresholds (OIH), a diminished potency of the drugs (tolerance), or both. Clinically, opioid-tolerant patients obtain analgesia when increasing the doses of opioids, but during OIH, increasing the opioid dosage does not reduce pain, but may even increase it. In the survey, chronic opioids were associated with a 50% increase in acute opioid consumption (suggesting tolerance), but these high doses (mean 37.6 mg·patient -1 ·24h
oral morphine equivalents) were also associated with poor pain outcomes (suggesting OIH). The association could be influenced by the temporal relationship with acute opioid administration which was not registered, and consequently, pain outcomes may not reflect treatment effectiveness. Unfortunately, these hypotheses cannot be confirmed (or disproved), on the basis of the present study, where postoperative hyperalgesia was not assessed. Since subjects exposed to chronic opioids require distinct protocols for POP management, 8,49 patients undergoing surgery should be carefully questioned about the use of opioid-analgesics prior to surgery.
Genetic variations leading to lower opioid efficacy could be relevant in some In agreement with this, in our study, MA was associated with better pain relief, although acute opioid-analgesics were associated with worse outcomes. The analgesic combination most frequently prescribed was NSAIDs+antipyretics+opioids, according to the optimal analgesic-drug combinations described; 12,31,45 the drugs most frequently used were MS, DEX, and PCT (31.6%). Nerve blocks were used in half of orthopedics patients, while the use of epidurals was low when compared to other European countries. 2 From our results, epidural blocks should be part of the anesthetic protocol in M A N U S C R I P T .9 Pain outcomes in the first 24 hours in the most common orthopaedic procedures organized in a descending order by worst pain intensity in each location. Horizontal box plot indicates worst pain during the first 24 hrs after surgery in a NRS 0 to 10 scale. Data for the overall group is presented in green, and those for the specific procedure in yellow .In each box, the vertical line represents median worst pain. Other variables are displayed as proportion of patients who registered a positive answer or received the analgesic treatment. 
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